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Background of the Invention 
This invention relates generany to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undeslred outflow 
of drilling fluid into the fonnation or inflow of fluid from the fonmation into the borehole. 
The borehole is drilled in inten^als whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

1 0 smaller diameter than the casing of the upper interval. Thus, the casings are in a 

nested an-angement with casing diameters deaeasing in downward direction. Cement 
annul! are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested an^ngement 
a relatively large borehole diameter is required at the upper part of the v/ellbore. Such 

15 a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fonning wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided ttiat includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion 
of the Ujbular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 defonning and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to the first fluid 
passage arKl an outer conical surfeoe, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
5 deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically defomiing and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 

10 defomning and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically defonming and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 

1 5 member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular nnember to a fourth outside diameter. The inside diameters of the 
first and secorul tubular members after the plastic defonnations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an apparatus for coupBng a 

20 first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically deforming and radially expanding anotiier 
portton of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member In overlapping relation to 

25 ttie first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
means for plastically defonming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of tfie first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

30 According to another aspect of the present invention, an apparatus for forming 

awelibore casing within a wellbore is provided ttiat includes means for supporting a 
tubular member within the wellbore. means for plastically deforrrtng and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomiing 
a weHbore casing within a wellbore is provided that includes a tubular support member 
5 including a first fluid passage, an expanston cone coupled to the tubular support 
nmmber having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansbn cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 

1 0 valveable passage coupled to an end of the expansion cone launcher. 

According to another asped of the present invention, a method of forming a 
wellbore casing within a v/ellbore is provided that includes supporting a tubular member 
within a wellbore, plastically defomiing and radially expanding a portion of the tubular 
member to a first outside dfameter, and plastically deforming and radially expanding 

1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore. plastically defomning and radially expanding a 
first portion of the first tubular merrier to a first outside diameter, plastically defomiing 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member In 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

25 outside diameter The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular memt>er to 

30 a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overiapping relation to 
the first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The Inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
According to another aspect of the present invention, an apparatus for 
5 plastically deforming and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically defonming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 

10 a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluididy coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
Including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

15 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a vah^eable passage 
coupled to fourth annular portion of the expansion cone launcher. 

20 According to another aspect of the present invention, a method of plastically 

defomning and radiaOy expanding a tubular member is provided that includes providing 
a lipped portion In a portion of the tubular member, and plastically defomiing and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 

25 first tubular member to a second tubular member is provided that includes providing a 
lipped portion In a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular mender in overlapping relation to the lipped portion of 
the first tubular member, and plastically defonning and radially expanding the second 

30 tubular member. The inside diameters of the first and second tubular members after 
the plastic deftmnatfons and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that Includes means for 
providing a lipped jxDrtion in the first tubular member, means for plastically deforming 
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and radially expanding another portion of the first tubular meniber, nrteans for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, arKi means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic defbmfiations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore. means for providing a lipped portion in the tubular 

10 member, and means for plastically deforming and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomiing 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion com coupled to the tubular support 

1 5 member having a second fluid passage fluididy coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher iriduding: a first annular 
portion coupled to a lower portion of the tubular nnember, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 

20 first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, aruJ a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 

25 wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically defomting and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellt>ore is provided that includes supporting a 

30 first tubular member within the wellbore. providing a lipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 
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diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a moncHJiameter vvelibore casing within a weDbore is provided that includes means for 
5 providing a lipped portion in the first tubular member, means for plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
10 the first and second tubular members after the plastic defbmrations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided tiiat includes 
means for plastically deforming and radially expanding a first end of ttie tubular 
member, and means for plasticaRy defonming and radially expanding a second end of 
ttie fajbular member. 

According to another aspect of the present Invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided ttiat includes 
a tubular support member Including a first passage, an expansion cone coupled to tiie 
20 tubular support having a second passage fluldidy coupled to ttie first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of ttie annular expansion cone launcher, a shoe coupled to anottier end of ttie 
annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to ihe tubular support member. The annular 
expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a mettiod of plastically 
deforming and radially expanding a tubular member is provided ttiat includes plastically 
defbmirng and radially expanding a first end of the tubular member, and plastically 
30 defbmning and radially expanding a second end of the tubular member. 

According to anoUier aspect of the present invention, a mettiod of coupling a 
first tubular member to a second tubular member is provided ttiat includes positioning 
ttie second tubular member Inside the first tubular member In an overlapping 
relationsWp. plasttcaDy defomiing and radially expanding the end of ttie second tubular 
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member that overlaps with the first tubular member, and plasticaliy deforming artd 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, nreans for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
nneans for plastically defomiing and radiaUy expanding the remainii^ portion of the 
second tubular member. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically defomiing and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for fomiing 
a wellbore casing wfitWn a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluididy coupled to the first passage and an outer conical surface, an 
annular expansran cone launcher nwvably coupled to outer conical surfece of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to anottier end of ttie annular expansion 
cone launcher having a valveable fluid passage, and anottier annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

According to another aspect of the present invention, a mettuxl of fomiing a 
wellbore casing witiiin a weHbore is provided ttiat includes plastically defonning and 
radially expanding a first end of the tubular member, and plastically defomiing and 
radially expanding a second end of the tubular member. 

According to anottier aspect of ttie present invention, a meUiod of forming a 
wellbore casing wittiln a wellbore is provided ttiat includes plastically defomiing and 
radially expanding a first tubular member within ttie wellbore, positioning a second 
tubular member inside ttie first tubular member in an overlapping relationship, 
plastically defomiing and radially expanding ttie end of ttie second tajbular member ttiat 
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overlaps with the first tubular member, and plastically defomiing and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a weUbore is provided that includes means for plastically 
defomiing and radially expanding a first tubular member within the wellbore. means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

According to another aspect of the present inventiori. an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes means for supporting a tubular member in overlapping relation to the 
opposing ends of the wellbore casings, means for plastically deforming and radially 
expanding the tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore Is provided that 
includes supporting a tubular member in overlapping relation to the opposing ends of 
the wellbore casings, plastically deforming and radially expanding the tubular member, 
and plastically defomnlng and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of .fomiing a 
structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically defonrting and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of fonning a 
wenboie casing within a wellbore having desired strength characteristics is provided 
that Includes plastically defomnlng and radially expanding a first tubular member vwthin 
the wellbore. and plastically defbmiing and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to, is provided that includes 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defonning and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically defonming and radially expanding the second tubular 
member to a third outside diameter, and plastically defonming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of ttie first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to another aspect of the present invention, a method of forming a 
mono^iameter wellbore casing is provided Ciat includes positioning a first tubular 
member within a wellbore. the first tubular member having an original outside diameter 
ODo and an original wall thickness to, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plasfa'cally deforming 
and radially expanding anotf»r portion of the first tubular member to a second outside 
diameter, positioning tiie second tubular member inside the first tubular member in 
overlapping relation to tiie first portion of the first tubular member, plastically defonning 
and radially expanding tiie second tubular member to a third outskJe diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 
that includes a plasb'cally deformed and radially expanded tubular member having a 
first portion having a ftet outsMe diameter and a remaining portton having a second 
outskle diameter. The ratio of the ordinal outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater ttian or 
equal to 16. 
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According to another aspect of the present invention, an apparatus is provided 
that includes a plastically defomied and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically delbmied and radially expanded second tubular 
member coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wait thickness to of the 
first tubular member is greater than or equal to 1 6. 

According to another aspect of the present Invention, a weUboie casing fomied 
in a wellbore is provided that includes a plastically deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the.first tubular member is greater than or equal to 16. 

According to another aspect of the present Invention, an apparatus is provided 
that includes a plastteaDy deformed and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 16. 

Brief Descriptton of the Drawings 
Rg. la Is a cross sectional Diustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross^onal illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1 c is a cross-sectlonal Ulustration of the Injectton of flu!d« materials through 
theapparatusof Rg. lb. 

Fig. 1d is a cross-sectfonal illustration of the Injectton of hardenable fluidic 
sealing materials through the apparatus of Fig. 1c. 

Fig. 1e is a cross-sectional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressurization of the 
region bekiw the expanston cone of the apparatus of Rg. ie. 

Fig. 1g Is a cross-sectional Illustration of the continued pressurization of the 
region bek)w the expanston cone of the apparatus of Fig. If following the removal of 
the over-expansion sleeve. 
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Fig. 1 h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Rg. lg. 

Fig. 1 i is a cross-sectiona! illustration of the driOing out of a new section of the 
wellbore below the apparatus of Fig. 1 h. 

Fig. 1 j is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 1i. 

Fig. 1k is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. II. 

Fig. 1 1 is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. 1k to fomi a mono-diameter 
wellbore casing. 

Fig. 2a is a cross secUonal illustration of a wellbore Including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Rg. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable flukJic 
sealing materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurizatton of the region below 
the expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-secHonal illustratkDn of the continued pressurizatlon erf the 
regton below the expanston cone of the apparatus of Rg. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectlonal illustration of the drilling out of a new secBon of the 
wellbore below the apparatus of Fig. 2g. 

Rg. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular nriember that overlaps witti the apparatus of Fig. 2h. 

Fig. 2j is a cross-sectional illustration of the secondary radial expansfon of the 
other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Rg. 2j to form a nrKHio-dlameter 
wellbore casing. 
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Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the ovei 
expansion insert of Rg. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment <rf the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion insert 

Fig. 5a is a ooss-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustrafion of the formation of a new section of 
wellbore casing in the wellbore of Fig. 5a. 

Fig. 5c is a fragmentary cross-secHonal illustration of the placement of an 
inflatable bladder Into the new section of the weHbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of the 
inflatable bladder of Fig. 5c. 

Fig. 5e is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional Illustration of the new section of wellbore casing of 
Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a Is a aoss-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b Is a cross-sectional illustration of the fomiation of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Rg. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
radial expansion device into the new section of the wellbore casing of Rg. 6b. 

Fig, 6d is a cross-secUonal illustration of the new section of wellbore casing of 
Fig. 6c after over-expansion. 

Fig. 6e.ls a cross-sectional illustration of the new section of wellbore casing of 
Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustrafion of the fomiation of a mono-diameter 
wellbore casing that includes the new section of the weUbore casing and an additional 
section of wellbore casing. 
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Fig. 7a is a aoss sectional illustration of a weilbore including a preexisting 
welltx)re casing. 

Fig. 7b is a cTOss^ectional illustration of the placement of an emtxxliment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
5 Fig. 7c is a cross-sectional illustration of the injection of fluldlc materials through 

the apparatus of Fig. 7b. 

Fig. 7d is a cross-secUonal Illustration of the injecfion of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional Illustration of the pressurization of the region below 
10 the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a ooss-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional iUustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Rg. 7f. 

F«. 7h is a cross-sectional illustration of the drilling out of a new section of the 
weUbore below the apparatus of Fig. 7g. 

Fig. 71 is a ooss-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to fonn a mono^iameter welltwre casing. 
Fig. 8a is cross-secdonal illustration of an wellbore including a preexisting 
20 section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c Is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
sealing material tiirough the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of ttw expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional fflustration of the removal of the upper expansion 
cone from the weRbore of fig. 8f. 
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Fig. 8h is a cross-sectional Illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
defonn and radially expand the expansion cone launcher and expandable tubular 
member. 

5 Fig. 8i is a cross-sedional illustration of the completion of the initial radial 

expansion process of the apparatus of Fig. 8h. 

Rg. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 8i in order to form a monoKllameter welibore casing. 

Fig. 9a is a cross-sectional illustration of a welibore Including upper and lower 
10 preexisting welibore casings ttiat are separated by an axial gap. 

Fig. 9b is a ooss-secBonal illustration of the coupling of a tubular member to 
the (^posing ends of Uie welibore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross^ectlonal Illustration of ttie placement of a radial 
expansion device Into the tubular member of Fig. 9b. • 

Fig. gd Is a fragmentary cross-sectional illustration of the actuation of the radial 
expansion device of Fig. 9c. 

Fig. 9e Is a cross-sectional of a monoKllameter welibore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 Is a cross-sectional illustration of a mon(H»ameter welibore casing that 
includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its lengtti. 

Fig. 1 la is a cross-sectional illusti^tion of a welibore Including a casing formed 
by plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb is a CToss-sectional illustration of a welibore Including another casing 
coupled to the preexisting casing by plastically deforming and radially expanding a 
second tubular member. 

Fig. 11c is a cross-sectional illustration of a mono-diameter welibore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Description 
Several embodiments of methods and apparatus for fonning a monoKliameter 
welibore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for ftxm or repair mono^iameter welibore casings, pipelines. 

or stiiictural supports. Furthemrwre. while the present Illustrative embodiments are 
described with reference to ttie fbnnatlon of mono-diameter welibore casings, the 
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teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. 1a. a wellbore 10 includes a preexisting wellbore 
casing 1 5. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09/454.139. attorney docket no. 
.25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no: 09/502.350. attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440,338. attomey docket no. 25791.9.02. filed on 1 1/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attomey docket no. 25791.1 1.02, filed 
on 3/10CO0O. <6) U.S. patent applkatkm serial no. 09/512,895. attomey docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S patent applicatnn serial no. 08/511.941. 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent appbcatkin serial 
no. 09/588,946. attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122. attomey docket no. 25791 .23.02. filed on 4/26^000. 
(10) PCX patent application serial no. PCT/USOO/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent applkatton serial no. 
60/162.671, attomey docket no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional 
patent application serial no. 60/1 54.047. attomey docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082. attomey 
docket no. 25791 .34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisfonal patent application serial no. 60/159.033, attomey docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. , 

attomey docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165,228. attorney docket no. 25791.39. filed on 1 1/12/1999. 

(18) U.S. provistonal piatent application serial no. . attomey docket no. 

25791 .45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent applkation serial no. . attorney docket no. 25791.47. 
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filed on 9/18/2000. the disclosures of which a« incorporated herein by reference 
More generally, the preexisting welibore casing 15 may be coupled to another 
preexisting welibore casing and/or may include one or more concentrically posifioned 
tubular members. 

Referring to Rg. 1b. an apparatus 100 for radially expanding a tubular member 
may then be positioned within the weBbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 110 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 
■ memberlOS. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 115. In 
several altennative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as. for example, ceramic materials. In order to facilitate the 
removal of the over^xpanslon sleeve during operation of the apparatus 1 00 In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
foltowing the removal of the over-expansion sleeve 130. 

An expansion cone launcher 135 is movabiy coupled to and supported by the 
expansion cone 1 1 5 and the over-expansion sleeve 130. The expansion cone 
launcher 1 35 Include an upper portion having an upper outer diameter, an lntem«diate 
portion that mates with the expansion cone 1 1 5 and the over-expansion sleeve 1 30. an 
a lower portion having a lower outer diameter. The tower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be contronably dosed in order to fluldidy isolate a region 
150 below the expansion cone 1 15 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portton of the 
expansion oone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 1 55 In 
several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metaUic elements and/or composite elements. In several 
aitematve embodiments, one or more anchoring elements may substituted for. or used 
in addition to. the sealing members 160a and 160b. 
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In a preferred embodiment the support . member 105. the expansion cone 1 15 
the expansion cone launcher 135. the shoe 140. and the expandable tubular member' 
155 are provided substantially as disclosed in one or mow of the foHowIng: (1) U.S 
patent application serial no. 09/454.139. attorney docket no. 25791.03.02. filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913. attorney docket no 
25791.7.02, filed on 2/23/2000. (3) U.S. patent appncation serial no. 09/502.350 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent applicafion serial 
no. 09/440.338. attomey docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.11.02. fHed on 3/10/2000. 
(6) U.S. patent application serial no. 09/512.895. attomey docket no. 25791.12 02. filed 
on 2C4/2000. (7) U.S. patent application serial no. 09/51 1.941. attomey docket no 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588 946 
attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559,122. attomey docket na 25791.23.02. filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 
7/9/2000. (11) U.S. provisk)nai patent application serial no. 60/162.671. attorney docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. piovistonal patent appltoation serial no. 
60/154.047. attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent applteatton serial no. 60/159.082. attomey docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent appKcation serial no. 60/159.039. attorney 
docket no. 25791 .36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159.033. attomey docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

provisional patent applicatfon serial no. . attorney docket no. 

25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
60/165.228. attomey docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. proviskmal 

patent application serial no. , , attorney docket no. 25791 .45, filed on 

7/28/2000. (19) U.S. provisfonal patent application serial no. . attorney 

docket no. 25791 .46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. . attomey docket no. 25791.47. filed on 9/18/2000, the 

disckMures of which are incorporated herein by reference. 

As illustrated in Fig. lb. in a prefened embodiment, during placement of the 
apparatus 100 within the weUbore 10. fluklic materials 165 within the wellbore 10 are 
conveyed through the apparatus 100 through the passages 110. 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 within the wellbore 10 are reduced. In a preferred embodimerTt. 
the apparatus 100 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be redlally expanded Into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of the expandable 
tubular member 1 55 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansk,n. and the materiai properties of the 
expandable tubular member. 

As illustrated in Fig. 1c. a fluidic material 170 may then be injected through the 
apparatus 100 ttirough the passages 110. 120. and 145 in order to test the proper 
operation of these passages. 

As Illustrated in Fig. id. a hardenable fluidic sealing material 175 may then be 
injected through the apparetus 100 through the passages 1 10. 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material nnay Include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 
175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
materiai 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. ie. a non-hardenable fluidic material 180 may then be 
injected into the apparatus through the passages 110 and 120. A ball plug 185, or 
other similar device, may then be injected with the fluidic material 180 to therel^ seal 
off the passage 145. In this manner, ttie region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 

As illustrated In Fig. If. the continued injection of ttie fluidic material 180 into the 
apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 1 55 to be plastically defomied and radially expanded off of tt,e over-expansion 
sleeve 130. In this manner, ttie expanston cone 115 and over-expansion sleeve 130 
are displaced relative to ttie expansion cone launcher 135 and expandable tubular 
member 1 55 in ttie axial direction. 

After a predetermined time period and/or afler a predetermined axial 
displacement of ttie expansion cone 1 15 relative to ttie expanston cone launcher 135 
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and expandable tubular member 155. the over-expansion sleeve 130 may be removed 
from the outer conical surface 125 of the expansion cone 115 by the application of a 
predetermined upward shock load to the support member 105. In a preferred 
embodiment, the shock load causes the frangible over-expansion sleeve 130 to 
fracture into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 115 by the continued pressurizatton of the region 150. In a 
preferred embodiment, the pieces of the over-expansion sleeve 1 30 are pulverized into 
grains of material by the continued pressurization of the region 150. 

Referring to Fig. 1g, following the removal of the frangible over-expansion 
sleeve 130. the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically defomned and radially expanded and extmded off 
of the outer conical surface 125 oftheexpanston cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expansion cone 1 15 is 
less than the amount of radial expansion provided by the combination of the over- 
expansion sleeve 130 and the expansion cone 1 15. in this manner, as illustrated in 
Rg. 1h. a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic defomfiation and radial expansion of the tubular 
member 155. the hardenabte fluidic sealing material Is allowed to cure to thereby fomi 
an annular body 190 that provides a banrier to fluid flow into or out of the weHbore 10. 

Referring to Fig. 1i. the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 1 0 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defonned and radially expanded tubular member 
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Referring to Fig. ij. a tubular member 200 may then be plastically defomied 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overiaps with and mates with the recessed portion 185 
of the tubular member 155. In a prefened embodiment, one or more sealing members 
30 205 are coupled to the exterior surfece of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
member 155. lo several altemative embodiments, the sealing members 205 may 
Include elastomeric elements and/or metallic elements and/or composite elements. In 
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several alternative embodiments, one or more anchorir^g elements may substituted for 
or used in addition to. the sealing members 205. In a preferred embodiment, an 
annular body 210 of a hardenabte fluidlc sealing material Is also formed around the 
tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 Is plastically defomied and 
radially expanded, and the annular body 210 Is formed using one or more of the ' 
apparatus and methods diseased in the following: (1) U.S. patent application serial no 
09/454.139. attomeydocket no. 25791.03.02. filed on 12/3/1999. (2) U S patent 
application serial no. 09/510.913. attorney docket no. 25791 .7.02. filed on 2/23^000 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791 8 02 filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attorney docket no 
25791.9.02. flied on 11/15/1999. (5) U.S. patent application serial no. 09/523 460 
attorney docket no. 25791.1 1.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U S patent 
applicatfon serial no. 09/511.941. attorney docket no. 25791.16.02. filed on 2/24/2000 

(8) U.S.patentapplication serial no. 09/588.946. attorney docket no. 25791 1702 filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attorney docket no ' 

25791.23.02. fBed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attomeydocket no. 25791.25.02. filed on 7/9/2000. (11) U S 
provisional patent applteatfon serial no. 60/162.671. attorney docket no. 25791 27 filed 
on 11/1/1999. (12) U.S. provisfenal patent application serial no. 60/154.047 attom'ey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provlstonal patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U S 
provisional patent application serial no. 60/159.039. attorney docket no. 25791 36 filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159.033 attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 

"°" • 3«°^ey docket no. 25791.38. filed on 6/19/2000 (17) U S 

provistonal patent application serial no. 60/165.228. attorney docket no. 25791.39 filed 

on 11/12/1999. (18) U.S. provisk)nal patent application serial no ' 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

application serial no. . attorney docket no. 25791.46. filed on 7/28/2000 

and (20) U.S. provlstonal patent applicatfon serial no. ____ attorney dockei 
no. 25791.47. filed on 9/18«000. the dlsdosufBs of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. Ik. an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically defom, and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 1 55 and 200 are substantiafly equal. In this manner, as Illustrated in Fig. 1! 
a mono-diameter wellbore casing may be fornied. 

Referring to Figs. 2a and 2b. in an alternative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 10 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluldic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 336 is movably coupled to and supported by the 
expansion oone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an Intemiediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330. an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. in a prelened embodiment, the 
valveable passage 345 may be oontrollably closed in ortter to fkiididy isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3. the over-expansion insert 
330 Indudes a plurality of spaced-apart arcuate inserts 330a. 330b. 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cone 315 and 
the inner surface of the intemiediate portion of the expansion cone launcher 335. In 
this manner, the relative axial disptaoement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
Intemiediate portion of the expansion cone launcher. In this manner, a recess may be 
fomied in the radially expanded expansion cone launcher 335. in several attemative 
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embodiments, the inserts 330a. 330b. 330c and 330d fall out of the recess and/or are 
removed from the recess using a conventbnal retrieval tool upon the completion of the 
radial expansion process. 

In an alternative embodiment, as illustrated In Fig. 3a. the over expansion insert 
330 further includes intermediate resilient members 331a. 331b. 331c and 331dfbr 
resilientty coupling the Inserts 330a. 330b. 330c and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several- altemativiB embodiments, the sealing members 360a and 360b may indude 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to. the sealing members 360a and 360b. 

In a prefenM embodiment, the support member 305, the expansion cone 315. 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139. attorney docket no. 25791.03.02, filed on 
12/3/1 999. (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.11.02. filed on 3/102000, 
(6) U.S. patent application serial no: 09/512,895, attomey docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/51 1.941. attomey docket nc 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent 
applkaUon serial no. PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 
7/9«000. (11) U.S. proviskmal patent appltoation serial no. 60/162.671. attorney docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
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patent application serial no. 60/159.082. attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039 attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provistonai patent application serial 
no. 60/159.033. attorney docket no. 25791.37. filed on 10/12/1999, (16) U.S. 

provisional patent applicatton serial no. . attorney docket no. 

25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. provistonai 

patent application serial no. ^. attorney docket no. 25791 .45. filed on 

7/28/2000. (19) U.S. provistonai patent application serial no. . attorney 

docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791.47. filed on 9/18/2000, the 

disclosures of which are Incorporated herein by reference. 

As illustrated in Fig. 2b. in a piefenred embodiment, during placement of the 
apparatus 300 within the wellbore 10. fluklto materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 310. 320 and 345 to a 
tocation above the apparattjs 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially posHtoned within the wellbore 10 such that the top portion 
of the tubular member 355 overiaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of tiie expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expanston. and ttie material properties of the 
expandable tubular member. 

As Illustrated in Fig. 2c a fluldic material 370 may then be injected ttirough the 
apparatus 300 ttirough ttie passages 310. 320. and 345 in order to test ttie proper 
operation of these passages. 

As illustrated in Fig. 2d. a hardenable fluidto sealing material 375 may ttien be 
injected through the apparatus 300 ttirough ttie passages 310. 320 and 345 into ttie 
annulus between ttie apparatus and ttie wellbore 10. In ttiis manner, an annular banier 
to fluid migration into and out of ttie wellbore 10 may be fonned around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidto sealing material may Include, for example, a cement mbdure. In 
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several alternative embodiments, the Injection of the hardenable fluldic sealing material 
375 may be omitted. In several alternative embodiments, the hardenable fluldic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Rg. 2e. a non-hardenaWe fluldic material 380 may then be 
Injected into the apparatus through the passages 310 and 320. A ban plug 385. or 
other similar device, may then be injected with the fluldic material 380 to theret^ seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of thefluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f. the continued injection of the fluidic material 380 into the 
apparatus 300 causes the expansion cone launcher 335 to be plastically defonned and 
radiallyexpandedoffoftheover-expansioninsertSSO. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 In the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
Insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 Is provided solely by the outer conical surface 325 of the ' 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 31 S is less than the amount of radial expansion 
provided by the combination of the over^xpansion insert 330 and the expansion cone 
315. In this manner, as illustrated In Rg. 2g. a recess 390 is formed in the radially 
expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool, in 
an alternative embodiment, ttie resilient force provided by the resilient members 331a. 
331 b. 331c. and 331d cause the insert 330 to collapse in the radial direction and 
thereby fall out of the recess 390. In an alternative embodiment, as illustrated in Rg. 4. 
one or more resilient hooks 395a and 395b are coupled to the bottom of the expansion' 
cone 315 lor retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 

After completing ttie plastic defomratfon and radial expansion of the tubular 
member 355. the hardenable fluidic sealing nraterial is allowed to cure to thereby form 
an annular body 400 titat provides a barrier to fluid flow into or out of ttie weUbore 10. 

Referring to Rg. 2h. ttie shoe 340 may then removed by driUing out the shoe 
using a conventional drilling device. A jiew section of the weilbore 10 may also be 
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drilled out in order to permit additional expandaWe tububr members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
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Refemng to Fig. 2j. a tubular member 405 may then be plastically defomied 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 405 overiaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 
In a preferred embodiment, the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several altemative embodiments, the sealing members 410 may 
include elastomeric elements and/or metalOc elements and/or composite elements. In 
several altemative embodiments, one or more anchoring elements may subsUtuted for. 
or used in addition to. the sealing members 410. In a preferred embodiment, an 
annular body 415 of a hardenable fluidic sealing material is alsofbmied around the 
tubular member 405 using one or more conventional methods. 

In a preferred embodiment, the tubular member 405 Is plastically deformed and 
radially expanded, and the annular body 415 is fontied using one or more of the 
apparatus and methods disclosed In the following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02. filed on 12«/1999, (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791.1 1.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
applkataon serial no. 09/511.941. attomey docket no. 25791 . 16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946. attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent appiicatton serial no. 09/559,122. attomey docket no. 
25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attorney 
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docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082. attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159.039. attorney docket no, 25791.36, filed 
on 10/12/1999. (15) U.S. provistenal patent applk^ation serial no. 60/159,033, attorney 

5 docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 

no — » attorney docket no. 25791 .38. filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165.228. attorney docket no. 25791.39. filed 

on 1 1/12/1999, (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 

10 application serial no. , attorney docket no. 25791 .46. filed on 7/28^000. 

and (20) U.S. provisional patent application serial no. attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

. In an alternative embodiment, the annular body 415 may be omitted. In several 

15 alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. . 

Refening to Fig. ^, an expanskm cone 420 may then be driven in a downward 
directton by fluid pressure and/or by a support member 425 to plastkxrily defomi and 
radially expand the tubular member 405 such that the Interior diameter of the tubular 

20 members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k. 
a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b. in an altemative embodiment, a tubular member 500 
having a shoe 505 may be plastically defomied and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 

25 conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically defomied and radially 
expanded and the annular body 51 0 fe formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1 ) U.S. patent applicatton serial 

30 no. 09/454,139. attorney docket no, 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attomey docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460, 
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attorney docket no. 25791.11.02. filed on 3/iW2000. (6) U.S. patent application serial 
no. 09/512.895. attorney dodcet no. 25791.12.02. filed on 2^4/2000. (7) U.S. patent 
application serial no. 09/511.941. attorney docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946. attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attorney docket no. 
25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162.671, attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.s! provisfonal patent application serial no. 60/154.047. attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent dpplicaUon serial no. 60/159.039, attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033, attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 

1 5 no. , attorney docket no. 25791 .38. filed on 6/1 9/2000, (1 7) U.S. 

prDvisk)nal patent applicatnn serial no. 60/165.228, attorney docket no. 25791.39. filed 

on 11/12/1999. (18) U.S. provisnnal patent applicatron serial no. , 

attorney docket no. 25791.45. filed on 7/28«MX)0. (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791 .46. filed on 7/28/2000. 

20 and (20) U.S. provisional patent applicatnn serial no. ^ attorney docket 

no. 25791.47. filed on 9/18/2000. the disclosures of whfch are incorporated herein by 
reference. 

In several alternative eml>odiments. the annular l»dy 510 may be omitted or 
may be compressible before, during, or after curing. 
25 Referring to Figs. 5c and 5d. a conventional inflatable bladder 51 5 may then be 

positioned vflthin the tubular member 500 and inflated to a sufficient operating pressure 
to plasticaliy defomi and radially expand a portion of the tubular member to thereby 
form a recess 520 in the tutailar member. 

Refemng to Rgs. 5e and 5f, the inflatable bladder 51 5 may then be removed 
30 and the shoe 505 drilled out using a conventional drilling device. 

Refemng to Fig. 5g. an additional tubular member 525 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above m order to fbmi a monoKliameter 
wellbore casing. Before, during or after the radial expanskm of the tubular member 
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525. an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to pemilt the over-expansion process to be 
perfonned during the radial expansion process implemented using the expansion cone. 

Referring to Rgs 6a-6b. in an altemative embodiment, a tubular member 600 
having a shoe 605 may be plastically defonned and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
fom»ed around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically defonned and radially 
expanded and the annular body 610 is fomied using one or more of the methods and 
apparatus disclosed in one or more of the following: (1 ) U.S. patent application serial 
no. 09/454,139, altomey docket no. 25791.03.02, filed on 12/3/1999.(2) U.S. patent 
appfication serial nb. 09/510,913. attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791 .8.02. filed 
on 2/10Q000, (4) U.S. patent applicatton serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent applteaton serial no. 09/523,460, 
attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent applicatkin serial 
no. 09/512.895. attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511.941. attomey docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent applicatton serial no. 09/588,946. attomey docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122. attomey docket no. 
25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 6W162.671 . attomey docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no..25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent appiteation serial no. 60/159.039. attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provisional patent applk:atk)n serial no. 60/159.033. attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisbnal patent application serial 
"°- . attomey docket no. 25791.38, filed on 6/19/2000. (17) U.S. 
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provisional patent application serial no. 60/165^8. attorney docket no. 25791.39. filed 

on 1 1/12/1999. (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791.45. filed on 7/28C000. (19) U.S. provisionai patent 

application serial no. attorney docket no. 25791.46. filed on 7/28^2000. 

and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47. filed on 9/18/2000. the disclosures of which are incorporated herein by 
refwence. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the Interior surface of the tubular member 600 to 
plastfealV defonrt and radiaUy expand a portion of the tubular member to thereby fomi 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 
15 skiU in the art. a roller expanston device typfcally utilizes one or more rollers that, 
through rotatnn of the device, apply a radial force to the interior surfaces of a tubular 
member. In several altemativte embodiments, the roller expansion device 615 may 
inckjde eccentric rollers such as. for example, as disclosed in U.S. Pat Nos. 5.014.779 
and 5,083,608. the disdosures of which are incorporated herein by reference. 
20 Referring to Figs. 6d and 6e. the roller expansion devtee 615 may then be 

removed and the shoe 605 drilled out using a conventional driDing device. 

Refemng to Fig. 6f. an additional tubular member 625 may then be plastically 
defomied and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
25 wellboTB casing. Before, during or after the radial expansion of the tubular member 
625. an annular body 630 of a fluidic sealing material may be fonned around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
30 coupled to the bottom of an expansion cone In order to pemiit the over-expansion 
process to be perfomied during the radial expanskm process implemented using the 
expansion cone. 

Refemng initially to Rg. 7a. a wellbore 10 includes a preexeting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertk:ai to the 
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horizontat. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of convenfional methods. In a preferred 
embodiment, the wellbore casing 15 Is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more df Vne 
following: (1 ) U.S. patent application serial no. 09/454.139, attomey docket no. 
25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913. 
attomey docket no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attomey docl^et no. 25791.8.02. ffled on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. attomey docket no. 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523.460. attomey docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895. attomey dodcet no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent applicatfon serial no. 09/511,941. 
attomey docket no. 25791 .16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122. attomey docket no. 25791 .23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/US0W18635, attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provistonal patent application serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999, (12) U.S. provistonal 
patent applicatton serial no. 60/154,047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082, attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent applicatton serial 
no. 60/159,039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 6W1 59,033, attomey docket no. 25791.37. filed 

on 10/12/1999. (16) U.S. provisional patent application serial no. , 

attomey docket no. 25791 .38. filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165.228, attomey docket no. 25791.39, filed on 1 1/12/1999, 

(18) U.S. provisional patent application serial no. , attomey docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provistonal patent application serial no. . attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of v»hich are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular membere. 
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Referring to Fig. 7b. an ^paratus 700 for radially expanding a tubular member 
may then be positioned within the welibore 10, The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 71 5 defining a passage 720 and having an oiiter conical surface 725 
for radialty expanding tubular members Is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 Includes an upper portion 
735a having an upper outer diameter, an intemfiediate portion 735b that mates vyrith the 
expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that Is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluididy Isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 finom the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper porBon 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing membeis 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for. or used 
25 in addition to. the sealing members 760a and 760b. 

In a prefenred embodiment, the support member 705. the expansion cone 715. 
the expansion cone launcher 735. the shoe 740. and the expandable tubular member' 
755 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454.139. attomey docket no. 25791 .03.02. filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510.913. attomey docket no. 
25791.7.02. filed on 2«3«J000. (3) U.S. patent application serial no. 09/502.350. 
attomey docket no. 25791 .8.02. filed on 2/1012000. (4) U.S. patent applicatim serial 
no. 09/440,338. attomey docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
applicatksn serial no. 09/523.460. attomey docket no. 25791.11.02. filed on 3/10/2000. 
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(6) U.S. patent application serial no. 09/512.895. attorney docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/51 1 ,941. attorney docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent appfication serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent applteatbn serial 
no. 09/559.122. attorney docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162.671, attorney docket 
no. 25791.27. filed on 11/1/1999, (12) U.S; provisional patent application serial no. 
60/154.047, attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. proviskjnal 
patent application serial no. 60/159,082. attorney docket no. 25791 .34. filed on 
10/12/1999. (14) U.S. provistonal patent application serial no. 60/159.039, attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. _, attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165.228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional 

patent appltoatton serial no. , attorney docket no. 25791.45. filed on 

7/28/2000. (19) U.S. provistonal patent appllcatkm serial no. attorney 

docket no. 25791.46. filed on 7/28C00O, and (20) U.S. provistonal patent application 

"0- . . attorney docket no. 25791.47. WsA on 9/18/2000, the 

disclosures of wfiich are Incorporated iierein by reference. 

As illustrated in Fig. 7b. in a prefen-ed embodiment, during placement of the 
apparatus 700 vnttiln the v/ellbore 10, fluidic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 700 is initially positioned within the wenbore 10 such that the top portton 
of the tubular member 755 overiaps with the preexisting casing 1 5. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As wHi be recognized by 
persons having ordinary skill in the art, the precise Initial position of the expandable 
tubular member 755 will vary as a functton of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. . 
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As illustrated in Fig. 7c. a fluidic material 770 may then be injected through the 
apparatus 700 through the passa9es 71 0. 720. and 745 in order to test the proper 
operation of these passages. 

As illustrated in Rg. 7d, a hardenable fluidic sealing material 775 may then be 
5 Injected through the apparatus 700 through the passages 71 0, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
10 several alternative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 Is conipressible. before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a iwn-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785. or 
15 other similar device, may then be injected wnth the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be prBssurized by the 
continued irijedion of the fluidic material 780 Into the apparatus 700. 

As illustrated in Figs. 7f and 7g. the continued injection of the fluidic material 
760 into the apparatus 700 causes the expansion cone launcher 735 and expandable 
20 tubular member 755 to be plastically deformed and radially expanded off of the 
expansion cone 715. The resulting structure includes a |ip 790. 

After completing the plastic defomnation and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 
25 Refemng to Fig. 7h. the shoe 740 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out In order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defpnnned and radially expanded tubular member 
755. 

30 Referring to Fig. 71, an additkinal tubular member 800 may then be plastically 

defonned and radialy expanded in a conventional manner and/or by using one or more 
of the methocte and apparatus described above in order to fomri a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800. an annular body 805 of a fluidic sealing material rnay be fomied around the 
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tubular member In a conventional manner and/or by using one or more of the methods 
and apparatus described above. In a preferred embodiment, the lip 790 fadlitates the 
coupling of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

Referring to Fig. 8a. in an alternative embodiment, a welibore 10 includes a 
preexisting section of weObore casing 15 and 900. The welibore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluldic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 
methods described above, and/or using one or more of the methods disclosed in the 
following: (1 ) U.S. patent application serial no. 09/454,1 39. attorney docket no. 
25791.03.02, filed on 12^/1999. (2) U.S. patent application serial no. 09/510.913. 
attomey docket no. 25791.7.02. filed on 2^000. (3) U.S. patent application serial 
no. 09«02,350. attomey docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, attomey docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent applteatton serial na 09/523,460, attomey docket no. 25791.1 1.02. filed 
on 3/1W2000, (6) U.S. patent applk»tion serial no. 09/512,895. attorney docket no. 
25791.12.02, filed on 2^4/2000. (7) U.S. patent applicatk)n serial no. 09/511.941, 
attomey docket no. 25791.16.02. filed on 2^4/2000. (8) U.S. patent applteation serial 
no. 09/588.946. attomey docket no. 25791.17.02, filed on 6/7/2000. (9) U.S. patent 
application serial no. 09«59.122. atbmey docket no. 25791.23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCTAJSOO/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671, attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047, attomey docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provfeional patent application serial no. 60/159.082. attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisfonal patent applicatkin serial 
no. 60/159,039, attomey docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provlstonal patent application serial no. 60/159.033. attomey docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provlstonal patent applfcation serial no. , 

attomey docket no. 25791.38. filed on 6/102000, (17) U.S. provlstonal patent 
appltoatton serial no. 60/165,228. attomey docket no. 25791.39, filed on 11/12/1999. 

(18) U.S. provisional patent appltoatlon serial no. . attomey docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
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.. attorney docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 
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provisional patent application serial no. attorney docket no, 25791.47. 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

Referring to Fig. 8b. an apparatus 1000 for radially expanding a tubular member 
is then posiUoned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic tocking devk» 
1015 that defines a passage 1020 for conveying fluidic materials that is fluidtefy 
coupled to the passage 1010. The locking device 1015 further Includes Inlet passages, 
1020a and 1020b. actuating chambers. 1025a and 1025b. and locking members, 
1030a and 1030b. During operation, the injection of fluklic materials into the actuating 
chambers, 1025a and 1025b. causes the locking members. 1030a and 103Db. to be 
displaced outwardly in the radial direction. In this manner, the locking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially statbnary posltipn. As will be recognh^ed by persons having ordinary 
sWII in the art. the operating pressures and physical shape of the inlet passages 1020, 
actuating chambers 1025. and k)cking members 1030 will determine the maximum 
amount of hokJing force provWed by the locking device 1015. In several ahemative 
embodiments, flukfic materials may be injected into the tocking device 1015 using a 
dedicated fluid passage In order to provkle precise control of the totting device. In 
several alternative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1015. The passage 1040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 
outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by the 
expanston cone 1045. The expanston cone launcher 1060 includes an upper portion 
1060a having an upper outside diameter, an intennediate portton 1 060b that mates 
with the expanston cone 1045. and a lower portion 1060c having a lower outside 
30 diameter, the lower outsMe diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the kwver 
portion 1060c of the expanston cone launcher 1060. In this manner, a regton 1075 
betow the expansion cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. Iri several altemative embodiments, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several altemative embodiments, the sealing members may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a preferred embodiment, the support members 1005 and 1035, the 

expansion cone 1045. the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed In one or 
more of the following: (1 ) U.S. patent application serial no. 09/454,1 39, attomey docket 
no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 

20 attomey docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350, attomey docket no. 25791.8.02. filed on 2/10«0(K), (4) U.S. patent 
application serial no. 09/440.338. attomey docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.11.02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512.895. attomey docket no. 

25 25791 . 1 2.02, filed on 2/24/2000, (7) U.S. patent applicatton serial no. 09/51 1 .941 , 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
applfcation serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/18635. attomey docket no. 

30 25791.25.02, filed on 7/9/2000, (11) U.S. provisnnal patent application serial no. 
60/1^,671. attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent applkation serial no. 60/154,047, attomey docket na 25791.29, filed on 
9/18/1999. (13) U.S. provisional patent application seri£d no. 60/159,082. attomey 
docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisfonai patent application serial 
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no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attorney docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. , 

attorney docket no. 25791 .38. filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165.228, attorney docket no. 25791.39, filed on 1 1/12/1999. 
(18) U.S. provisional patent application serial no. ■ • . attorney docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

. attorney docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 

provisfonal patent application serial no. . attorney docket no. 25791.47. 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10. fluldic materials IHOwithinthe wellbore 10are 
conveyed through the apparatus 1000 through the passages 1010. 1020. 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
placement of the apparatus 1000 wittiln the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 Is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1 080 overtaps with the recess 91 0 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 
910 of the preexisting casing 900. 

As illustrated in Fig. 8c. a fluidic material 1 1 15 may then be Injected through the 
apparatus 1000 through the passages 1010, 1020. 1040. and 1070 in order to test the 
proper operation of Uiese passages. 

As illustrated In F\g. 8d. a hardenable fluidfe sealing material 1120 may then be 
injected through the apparatus 1000 through the passages 1010, 1020. 1040. and 
1070 into ttie annulus between the apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid mignatwn into and out of the weflbore 10 may be fonned around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injectkm of the hardenable fluWic 
seaDng material 1 120 may be omitted. In several altemative embodiments, the 
hardenable flukJic sealing material 1 120 Is compressible, before, during and/or after, 
the curing process. 
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As illustrated In Ffg. 8e, a non-hardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010. 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be Injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 Into the apparatus 
1 000. Furthenmore, in this manner, the actuating chambers. 1 025a and 1 025b, of the 
lodging device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downvifard direction by a direct application of axial force using the support member 
1 1 00 and/or through the application of fluid force. Ji\e axial displacement of the 
expansion cone 1085 may plastically defomi and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 
preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1080. In a 
preferred embodiment, the tocking member 1015 is positioned proximate the upper 
portion of the tubular member 1080 \n order to prevent buckling of the tubular member 
1080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intermediate portton 1060b of the expansion cone launcher 1060 and the 
expansion cone 1 045 prevents the axial displacement of the tubular member 1 080 
during the radial expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g, the expanston cone 1085 and 1 100 may then be raised 
outof thewellbore 10. 

As illustrated in Fig. 8h, the continued injection of the fluklic material 1 125 into 
the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastfcally defomied and radially expanded off 
of the expansion cone 1045. In this, manner, the expansion cone 1 045 is displaced 
relative to the expansion cone launcher 1060 and expandable tubular member 1080 In 
the axial directton. In a preferred embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1015. As v\rill be recognized by persons having ordinary skill in the art, the 
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precise relationship between these axial forces will vary as a fiincBon of ttie operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080.. In an alternative 
embodiment, the operating pressures of the actuating chambers, 1025a and 1025b. 
5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing eadh. 

As iliustrated in Fig. 8i, after completing the plastic deforniation and radial 
expansion of the tubular member 1080. the hardenable fluidic sealing material is 
allowed to cure to thereby fomn an annular body 1 1 30 that provides a bamer to fluid 
10 flow into or out of the wellbore 10. The shoe 1065 nrvay then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to pemrtit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an attemative embodiment, the annular body 1 1 30 may be omitted. In 

several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an nrK>no-diameter 

20 wellbore casing. 

Refemng to Fig. 9a. a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 
outer annular layers of fluidic sealing materials such as, for example, cement The 
ends of the casings, 1205 and 1210, are separated by a gap 1215. 

25 Refemng to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings, 1205 and 1210. to thereby bridge the gap 1215. In a 
prefened embodiment, the tubular member 1220 Is coupled to the opposing ends of 
the casings. 1205 and 1210, by plastically defomriing and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Referring to Rg. 9c a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be any number of canventional radial expansion devices such as, for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Refem'ng to Figs. 9d and 9e. after actuation and subsequent de-actuation and 
5 removal of the radial expansion device 1225. the inside diameters of the casings, 1205 
and 1210, are substantially equal to the inside diameter of the tubular m^ber 1220. 
In this manner, a mono-diameter wellbore casing may be formed. 

Refemng to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a prefened embodiment, the tubular members. 

10 1305 and 1310, are plastically defonned and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material propertfes of the tubular 
members, 1305 and 1310. 

1 5 Referrir^ to Rg. 1 1 a. a wellbore 1 400 Includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a prefenned embodiment, the tubular member 1405 is 

20 plastically deformed and radially expanded using conventional methods and/or one or 
more of the methods and apparatus descrii>ed and referen . above, in an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo, the wall thickness; of the tubular member 1405 prior to the 
radial expansion process is to. the outside diameter of the tubular memt>er following the 

25 radial expansion process is ODi. and the wall thickness of the tubular member 
following the radial expanston process is ti. 

Referring to Fig. 1 1b, a tubular member 1420 may then be coupled to the tower 
portion of the tubular member 1405 by plastically defomning and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 

30 and apparatus described and referenced above. In a preferred embodiment, the 

exterior surfece of the upper portion of the tubular member 1420 includes one or more 
sealing members for sealing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Fig. 11c. lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventlcmal methods 
and/or one or more of the methods and apparatus described and referenced above. In 
5 an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1405 after the additional radial expansion process are OD2 and 

The radial expansion prcxess of Rgs. 11b-11c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

1 0 In several alternative embodiments, the ordering of the radial expansions of the 

tubular members. 1405 and 1420, may l)e changed. For example, the first tubular 
member 1405 may be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
diameter OD1. The tubular member 1420 ntay then be plastically deformed and 

1 5 radially expanded one or more times until the inskle diameters of the tubular members, 
1405 and 1420, are substantially equal The plastic deformations and radial 
expansions of the tubular members, 1405 and 1420, may be provided usnrtg 
conventional methods and/or one or more of the methods and apparatus descrit)ed and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

member 1405 may be expressed by the following equation: 

E^(OD^-ODo)/ODo (1) 
where ODo = original outside diameter; 

25 OD1 = outside diameter after I** radial expansion; and 

OD2 = outside diameter after 2^ radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
30 first radial expansion is equal to d, the outside diameters. ODi and OD2. of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD, = OD^ + 2d^2t, (2) 

QD2 = OD, + 2i?+2/2 (3) 
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where ODo = the original outside diameter of the tubular member 1405; 

OD, = the outside diameter of the tubular member 1405 

following the first radial expansion; 
OD2 = the outside diameter of the tubular member 1405 

following the second radial expansion; 
d = the radial sparing between the tubular member 

1405 and the weilbore prior to the first radial 

expansion; 

ti = the wall thiclcness of the tubular member 1405 

after the first radial expansion; 
t2 = the wall thickness of the tubular member 1405 

after the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
Furlhemwre. in an exemplary embodiment, for d approximately equal to 0.25 
Inches and R approximately equal to 0.1 inches, equatfon (1) can be approximated as: 

£ = (0.7"+3.7/,)/OZ), (4) 

<b = the Original wall thickness of the tubular member 
1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member: Therefore, from equation (4) the ratio of 
the original outside diameter to the original waU thickness (ODo/lb) may be expr«ssed 



as: 



ODJt,>3,^/{Q3-0JIOD,) (5) 



Thus. In a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (ODorto) may be expressed 
as: 

0DJt,>\6 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthemriore, the relationships expressed In 
equations (1) through (6) are valid regardless of the order or type of the radial 
5 expansions of the tubular member 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plasticafly defomning and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially 

1 0 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically defomiing and radially expanding a second portion of the tubular member 
to a second outside diameter. In a prefenred embodiment, the first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plastically defomning and radially expanding the first portion of the tubular member to 

1 5 the first outside diameter Is removable. In a preferred embodiment, the means for 
plastically defomning and rad^ly expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 

20 plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a preferred embodiment, the means for plastically defomiing 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a prefen-ed embodiment, the means for plastically deforming 

25 and radially expanding the first poillon of the tubular meml>er to the first outside 

diameter indudes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically defomiing and radially expanding a tubular member 
has also been described that indudes a tubular support member induding a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, a 
removable annular conical isleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a vah^eable passage coupled to an 
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end of the expansion cone launcher. In a preferred embodiment, the conical sleeve Is 
frangit)le. In a preferred emtxxliment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. 

A method of plasfically deforming and radially expanding a tubular member has 
also been described that includes plastically defonming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically defomiing and radially 
expanding another portion of the tubular member to a secx)nd outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter In a 
preferred embodiment, plastically defonming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a prefen^ed embodiment, conical sleeve is frangible. In a 
preferred embodiment tt>e conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve tndudes a plurality of arcuate elenr^nts. In a prefen-ed embodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using an inflatable bladder. 
In a preferred embodiment, plastically defonming and radially expanding the portion of 
the tubular member includes api^ng a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 
also been descn'bed that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defomiing and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member In 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular nnember to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. In 
a preferred embodiment, plastically deforming and radially expanding the first portion of 
the first tubular memb^ includes applying a radial force to the portion of the tubular 
member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frarigible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeVe includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member indudes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deformltig and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically defonning and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular nnember. means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter, and means for plastically defomiing 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, ttie means for plastically deforming and radelly expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
a prefen-ed embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a prefemed embodiment, the means for plastically deforming and radially expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically defonning and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the weflbore, 
means for plastically defomfiing and radially expanding a first portion of the tubular 
nr»mber to a first outside diameter, and means for plastically . defonning and radlaBy 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter, in a preferred erhtxKliment, the means for plasticaily deforming and radiaily 
expanding the first portion of the tut>uiar merni}er to the first outside diameter is 
removable. In a preferred emtxxliment, the means for plasticaily deforming and 
5 radially expanding the first portion of the tut)ular memt)er to the first outside diameter is 
frangible. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic. 
In a prefen-ed embodiment the means for plastically deforming and radially expariding 
the first portion of the tubular member to the first outside diameter indudes means for 

1 0 applying a radial force to the first portion of the tubular member In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter indudes rolling means for 

1 5 applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes means for fonming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
wellt>ore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
20 described that indudes a tubuter support member induding a first fluid passage, an 
expanston cone coupled to the tubular support nrtember having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 
25 the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible. 
In a preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, 
the conical sleeve indudes a plurality of arcuate elements. 

A method of fonning a wellbore casing within a wellbore has also been 
30 described that indudes supporting a tubular member within a wellbore, plastically 
deforming and radially expanding a portion of the tubular memt>er to a first outside 
diameter, and plastically deforming and radiaily expanding arx)ther portion of the 
tubular meniber to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
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deforming and radially expanding the portion of the tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve indudes a plurality of 
5 arcuate elements. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically defomiing and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 

10 device. In a preferred embodiment, the methcxJ further includes injecting an annular 
body of a hardenabie fiuidic sealing material into an annulus between the tubular 
member and the wellbore. In a prefenred embodiment, the method further includes 
curing the annular body of hardenabie fiuidic sealing material. 

A method of forming a nrwno-diameter wellbore casing within a wellbore has 

1 5 also been described that includes supporting a first tubular memt^er within the wellbore, 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 

20 first tubular member, plastically defonmir^ and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of tlie 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, in a preferred embodiment, the first outside diameter is greater 

25 than the second outside diameter. In a preferred embodinnent, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the cc^iicat 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 

30 arcuate elements. In a preferred embodiment, plasticaily deforming and radially 

expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, plastically defomiing and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluldic sealing material Into 
an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes curing the annular body <rf hardenable fluidic 
5 sealing material. In a prefenred embodiment, the method further includes injecdng an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. In a prefenred embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 

10 has also been described that includes means for plastically defonrning and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portbn of the 

1 5 first tubJar member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for fdasticaliy defonning 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defonnations 
and radial expansions are substantially equal. In a preferred embodiment, the first 

20 outside diameter is greater than ttie second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 

25 a prefeoed embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the first tubular memt)er includes means for applying a radial force to the 
first portion of the first tubular memter using an inflatable bladder. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 

30 portion of the first tubular member Includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a prefened 
embodiment, the apparatus further includes means for ir^ecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further includes means for 
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curing the annular body of hardenable fluidic sealing material. In a preferred 
embodiment, the apparatus further Includes means for Injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the second tubular 
member and the wellbcre. In a prefenred embodiment, the apparatus further includes 
5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically defomning and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically defomilng and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically defomning and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a lower 

15 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter. 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically defomning and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portior> In a portion of the first 
tubular member, plastically defomilng and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
30 in overiapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular nnember. The inside diameters of 
the first and secorid tubular members after the plastic deformations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that Includes means for providing a lipped portion In the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member Inside 
the first tubular member in overiapping relation to the lipped portion of the first tubular 
member, and means for plastically defonning and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore. 
means for providing a lipped portion in the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for fonning a wellbore casing within a wellbore has also been 
described lhat includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluldldy coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher Including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

A method of fonning a wellbore casing in a wellbore has also been described 
that includes supporting a tubular member within the wellbore. providing a lipped 
portion in a portion of the tubular member, and plastically defomiing and radially 
expanding another portion of the tubular member. In a prefened embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 
between the tubular member and the vi^llbore. In a preferred embodiment, the method 
iiirther includes curing the fiuldic sealing material. 

A method of forming a nrnno-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
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providing a lipped portion in a portion of the first tubular rneml)er, plastically deforming 
and radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
5 expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal. In a prefen-ed embodiment, the method further includes inje<iing a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a prefen^d embodiment, the method further includes curirg the fluidic 

10 sealing material. In a preferred embodiment, the method further includes injecting a 
hardenable fluidic seating material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 

1 5 has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second.tubular member inside 
the first tubular member in overtapping relation to the lipped portion of the first tubular 
member, and means for plastically defomrung and radially expanding the second 

20 tubular member. The inside dianrteters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
preferred embodirhent, the apparatus further includes means for curing the fluidic 

25 sealing material. In a prefen*ed embodiment, the apparatus further includes nrteans for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. In a preferred embodiment, the apparatus furUier 
includes means for curing Uie fluidic sealing material. 

An apparatus for plastically defomiing and radially expanding a tubular member 

30 has also been described that includes means for plastically deforming and radially 
expanding a first end of ttie tubular member, and means for plastically defbmning and 
radially expanding a second end of ttie tubular member. In a prefenred embodiment, 
the apparatus further includes means for anchoring the tubular member during ttie 
radial expansion. 



An apparatus for plastically deforming and radially expanding a tubular mernber 
has also been desaibed that includes a tubular support member Including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface, an annular 
expansion cone launcher movably coupled to outer conical surfa<» of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
In opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deforni and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically defomi and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to fiold the expandable tubular. 

A method of plastically defomning and radially expanding a tubular member has 
also been dmcrlbed that includes plastically defontiing and radially expanding a first 
end of the tubular member, and plastically defomning and (adially expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 
anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of the tubular member is plastically defonned and radiaUy expanded before 
the second end. In a preferred embodiment, plastically defomiing and radially 
expanding the second end of the tubular member includes Irijecting a fluldic material 
into the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes positioning the second tubular member inside the 
first tubular member in an overiapping relationship, plastically defom^ng and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, aid plastically defomiing and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
plastically defomning and radially expanding at least a porfion <rf the second tubular 
member. In a prefenred embodiment, the Inside diameters of the fbst and second 
tubular members are substantially equal after ttie rsklial expansions. 
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An apparatus for coupfing a first tulnjlar member to a second tubular member 
has also been described ttiat Includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member that 
overtaps with the first tubular member, and means for plastically defonning and radially 
expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular members are 
substantially equal after the radial expansions. 

An apparatus forfonning a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore. 
means for plastically defonning and radially e)q)anding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 
the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for fonning a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluidldy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
In opposite orientations. In a prefened embodiment, the annular expansion cone is 
adapted to plastically defonn and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further indudes an anchoring member coupled to the 
tubular support member «iapted to hold the expandable tubular. 
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A method of forming a welibore casing within a wellbore has also been 
described that indudes plastically deforming and radially expanding a first end of the 
tubular member, and plastically defcnming and radially expanding a second end of the 
tubular member. In a preferred embodiment, the method further includes anchoring the 
5 tubular member during the radial expansion. In a prefenBd embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically defomiing and radially expanding the 
second end of the tubular member includes Injecting a fluidic material into the tubular 
member. In a preferred embodiment, the method further includes injecting a 
1 0 hardenable fluidic sealing material into ah annulus between the tubular member and 
the wellbore. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically defomiing and radially expanding a first tubular 
member within the wellbore, positioning a second tubular member inside the first 

15 tubular member In an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overiaps with the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 
second tubidar member. In a prefeaed emtKxJiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 

20 member. In a prefenned embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further indudes injecting a hardenable fluidic sealing material 

25 into an annulus between the second tubular member and the wellt>ore. 

An apparatus for fomriing a wellbore casing within a wellbore has also been 
described that indudes means for plastically deforming and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overiapping relationship, means for plastically 

30 deforming and radially expanding the end of the second tubular member that overiaps 
with the first tubular member, means for plastically deforming and radially expanding 
the remaining portion of the second tubular member. In a preferred embodiment, the 
apparatus further indudes means for plastically defonming and radially expanding at 
least a portion of ttie second tubular memt>er. In a preferred emt)odlment, the inside 
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diameters of the first and second tubular members are substantially equal after the. 

radial expansions. In a preferred embodiment, the apparatus furtherlndudes means 

for injecting a hardenable fluidic sealing material into an annulus betvveen thefiret 

tubular member and the \velIbore. In a preferred embodiment, the apparatus further 
5 includes means for injecting a hardenable fluidic sealing material into an annulus 

between the second tubular member and the wellbore. 

An apparatus for Ijridging an axial gap between opposing pairs of wellbore 

casing within a wellbore has also been described that includes means for supporting a 

tubular member in overiapping relation to the opposing ends of the wellbore casings. 
10 means for plastically deforming and radially expanding the tubular member, and means 

for plastically defomoing and radially expanding the tubular member and the opposing 

ends of the wellbore casings. 

A method of bridging an axial gap betwieen opposing pairs of wellbore casing 

within a wellbore has also been described that includes supporting a tubular member in 
1 5 overlapping relation to the opposing ends of the wellbore casings, plastically defomiing 

and radially expanding the tubular member, and 

plastically defomiing and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of fomiing a structure having desired strength characteristics has also 

20 been described that Includes providing a first tubular rriember. and plastically defomiing 
and radially expanding additional tubular members onto the interior surface of the first 
tubular meml>er until the desired strength characteristics are achieved. 

A method of fonming a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastically defomiing and radially 

25 expanding a first tubular member within the Wellbore, and plastically defomiing and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupfing a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original wall 

30 thickness to. has also been described that includes plastically deforming and radially 
expanding a first portion of ttie first tubular membeir to a first outside diameter, 
plastically defomiing and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member Inside the first 
tubular member in overiapping relation to the first portiorvof the first tubular member, 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically defomiing and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal, and 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member Is greater than or equal to 16. 

A method of fomning a monoKJiameter wellbore casing has also been described 
that includes positioning a first tubular member within a weflbore. the first tubular 
member having an original outside diameter ODo and an original wall thickness to. 
plastically defonning and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defomning and radially expanding another portion of 
the first tubular member to a second outside diameter, positfoning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 
first tubular member, plastk:ally defonning and radially expanding the second tubular 
member to a third outside diameter, and plastically defonning and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defbrmations and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 
the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically defbnned and 
radially expanded tubular member having a first portton having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of ttie 
original outside diameter ODo of the first tubular member to the original wan thickness to 
of the first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically defonned and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portton having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter ODo of tfie first 
tubular member to the original wail thtokness to of ttie first tubular member is greater 
than or equal to 16. In a prefened embodiment, the inside diameters of the first and 
second tubular members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically defonned and radially expanded second tubular member 
5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically defonned and 
1 0 radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above mpy be used to fbnm or repair wellbore casings, pipelines, and 
15 structural supports. 

Although this detailed description has shown and described illustrative 
enibodiments of the Invention, ttiis description contemplates a wide range of 
modificattons. changes, and substitutions. In some instances, one may employ some 
features of the present invention wiUiout a conesponding use of the other feahiies. 
20 Accordingly, it is appropriate that readers should constme the appended claims 
broadly, and in a manner consistent with ttie scope of the invention. 
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Claims 

1. An apparatus, comprising: 

a plastically defomied and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter; 

wherein the ratio of the original outside diameter ODoOf the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
16. 

2. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to 
the first portion of the first tiri)ular member, 

wherein the ratio of the original outside dlanieter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
16. 

3. The apparatus of daim 2, wherein the inside diameters of the first and second 
tubular mernbers are substantially equal. 

4. A wellbore casing fomied in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and 

a plastically defomied and radially expanded second tubular member coupled to 
the first portion of the first tubular member; 

wherein ttie ratio of the original outsWe diameter ODq of the first tubular member 
to the original watt thtekness to of the first tubular member is greater than or equal to 
16. 

5. The casing, of daim 4, wherein the InsMe diameters of the first and second 
tubular members are substantially equal. 
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6. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member, 

wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or equal to 16. 
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1 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 
5 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 
second outside diameter 

10 

3. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

1 5 4. The apparatus of dalm 1 , wher^n the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of daim 1 , wherein the means for plastically defomiing and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

6. The apparatus of claim 1 , wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

7. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
Infiatable. 

30 

8. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
indudes rolling means for applying radial pressure to the first portion of the tubular 

member. 
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9. An apparatus for plastically deforming and radially expanding a tubular merrtDer. 
comprising: 

a tubular support member including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular memben and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher 

15 10. The apparatus of daim 9, wherein the conical sleeve is frangible. 

1 1 . The apparatus of daim 9, wherein the conical sleeve is elastic. 

1 2. The apparatus of daim 9, wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

1 3. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically defonning and radially expanding a portion of the tubular member to 
25 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 

14. The method of daim 13. wherein the first diameter is greater than the second 
30 diameter. 

15. The method of daim 13. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular meml)er using a conical 
sleeve. 

1 6. The method of daim 1 5. wherein the conical sleeve is frangible. 

5 

1 7. The nnethod of dalm 15, wherein the conical sleeve is elastic. 

1 8. The method of daim 1 5, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

1 9: The method of daim 1 3. wherein plastically defomning iand radially expanding the 
portion of the tubular member oompris^: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of daim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21 . A method of coupling a first tubular member to a second tubular member. 

comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
25 member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular nnember In 

overiapping relation to the first portion of the first tubular member, 
30 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming qnd radially expanding Uie second tubular member to a 

fourth outside diameter, 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

22. The method of daim 21 . wherein the first outside diameter is greater than the 
5 second outside diameter. 

23. The method of claim 21 , wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

24. The method of claim 23, wherein the conical sleeve is frangible. 
. 25. The method of daim 23. wherein the conical sleeve is elastic. 

15 

26. The method of claim 23. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of claim 21 . wherein plastically defomiing and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of claim 21 , wherein plastically deforming and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

29. An apparatus for coupling a first tubular member to a second tubular member. 
30 pomprising: 

means for plastically defomning and radially expanding a first portion of the first 

tubular member to a first outside dianneter; 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter. 
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means for positioning the second tubular meml)er inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
member, 

means for plastically deforming and radially expanding the second tubular 
5 member to a third outside diameter; and 

means for plastically defonming and radially expanding the second tubular 

niember to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

10 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of daim 29, wherein the means for plastically deforming and 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 , wherein the conical sleeve is frangible. 

20 

33. The apparatus of daim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30 

36. The apparatus of daim 29, v^rein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the 

tubular member to a first outside diameter; and 
means for plastically defomiing and radially expanding a second portion of the 
tubular member to a second outside diameter. 

38. The apparatus of daim 37. v\*ierein the first outside diameter |s greater than the 
1 0 second outside diameter. 

39. The apparatus of daim 37, wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 

40. The apparatus of daim 37. wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

20 41 . The apparatus of daim 37. wherein the means for plastically defonning and 

radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of claim 37. wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside diameter 

comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of daim 37, wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter is 

30 inflatable. 

44. The apparatus of daim 37. wherein the means for plasHcaliy defonning and 
radially expanding the first portion of the tubular member to the first outside diameter 



37. 
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comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 

45. The apparatus of claim 37, further comprising: 

means for forming an annular body of a fluldic sealing material within an 
annulus between the tubular memb^ and the wellbore. 



46. An apparatus for forming a wellbore casing within a wellbore. Comprising: 
a tubular support member including a first fluid passage; 
10 an expansion cone coupled to the tubular support member having a second 

fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

15 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of claim 46, wherein the conical sleeve is frangible. 
48. The apparatus of daim 46, wherein the conical sleeve is elastic. 



49. The apparatus of daim 46, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A method of forming a wellbore casing within a wellbore, comprising: 

supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to 
30 a first outside diameter; and 

plastically deforming and radially expanding anotlier portion of the tubular 
member to a second outside diameter. 
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51 . The method of claim 50, wherein the first diameter is greater lhar) the second 
diameter. 

52. The method of daim 50. wherein plastically deforming and radially expanding the 
5 portion of the tubular member comprises: 

applying a radial force to the portion of the tubular memt>er using a conical 
sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

10 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of daim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15 

56. The method of daim 50, wherein plastically defomiing and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an Inflatable 
bladder. 

20 

57. The method of daim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

25 

58. The method of daim 50, further comprising: 

injeding an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

30 59. The method of daim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono-dian^ter wellbore casing within a wellt)ore, 
comprising: 
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supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside dameten 
plastically deforming and radiaHy expanding another portion of the first tubular 
5 member to a second outside dianieter; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular memben 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
10 plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal., 

15 61 . The method of daim 60. wherein the first outside diameter is greater than the 
second outside diameter 

62. The method of daim 60, wherein plastically deforming and radially expanding the 
first portton of the first tubular member comprises: 

20 applying a radial force to the portion of the tubular member using a conical 

sleeve. 

63. The method of daim 62. whjsrein the conical sleeve is frangible. 

25 64. The method of daim 62. wherein the conical sleeve is elastic. 

65. The method of daim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

30 66. The method of daim 60, wherein plastically defomning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of claim 60. wherein plastically deforming and radially expanding the 
first portion of the first tubular meml)er comprises: 

applying a radial force to the first portion of the first tubular member using a ! 
roller expansion device. 

i 

The method of daim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an I 
annulus between the first tubular member and the wellbore. 

I 

The method of claim .68, further comprising: • 
curing the annular body of hardenable fluidic sealing material. 

i 

T?ie method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

The method of claim 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. j 

An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the , 
25 first tubular member to a second outside diameter; ' 

means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the first portion of the first tubular 

member; 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter, and 

means for plastically defonming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 
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73. The apparatus of claim 72, wherein the first outside diameter is greater than the 
second outside diameter. 



5 74. The apparatus of claim 72, wherein the means for plastically deforming iand 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 



1 0 75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

76. The apparatus of daim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74, v^erein the conical sleeve comprises a plurality of 
15 arcuate elements. 

78. The apparatus of daim 72. vtrtierein the means for plastically deforming and 
radially expanding the first portion of the first tubjular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
20 using an Inflatable bladder. 

79. The apparatus of claim 72. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 



80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. 

30 

81 . The apparatus of daim 80. further comprising: 

means for curing the annular body of hanjenable fluidic sealing material. 



82. The apparatus of daim 72. further comprising: 
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means for inJecUng an annular body of a hardenable fluidic sealing material Into 
an annulus between the second tubular member and the wellbore. 

83. The apparatus of daim 82, further comprising: 

means for curing the annular body of hardenable fluidic sealing material 

84. An apparatus for plastically defonning and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically defonning and radially expanding another portion of the 
tubular meml)er. 

85. An apparatus for plastically defomriing and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical suriace; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter, and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 
wherein the second outside dlanieter is less than the first outside 
diameter; and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion oone launcher. 

86. A method of plasticaily defonning and radially expanding a tubular memb^, 
comprising: 

providing a lipped portion in a portion of the tubular memben and 
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plastically deforming and radially expanding another portion of the tubular 
memt>er. 



87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular memben 
plastically deforming and radially expanding another portion of the first tubular 
meml>er; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member, and 

plastically defomfiing and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic defomiations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of the 

first tubular member, 
means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 

member; and 

means for plastically defomiing and radially expanding the second tubular 
memt>er, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal 

8g. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member wittiin the wellbore; 
means for providing a lipped portion in tiie tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing wrttiin a wellbore, comprising: 
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a tubular support meml)er including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the flrst fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular memben 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter, and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameten 
wherein the second outside diameter is less than the first outside 
diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 



91 . A method of fomiing a wellbore casing in a wellbore. comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member. 



The method of claim 91, further comprising: 

injecting a hardenable fluidic sealing material in an annulus t)etween the tubular 
niember and the wellbore. 

93. The method of dalm 92, further comprising: 
curing the fluidic sealing material. 

30 

94. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the weHbore; 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular memben and 
plastically defomiing and radially expanding the second tubular memben 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material In an annulus between the first 
tubular member and the wellbore. 

96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of dalm 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 



98. The method of claim 97, further conniprising: 
curing the fluidic sealing material. 

99. An apparatus for fomiing a mono-diameter wellbore casing within a wellbore. 
comprising: 

means for providing a lipped portion in the first tubular member, 

means for plastically defonming and radially expanding another portion of the 

first tubular memljer; 
means for positioning the second tubular nrtember inside the first tubular 

member In overiapping relation to the lipped portion of the first tubular 

member; and 

means for plastically deforniing and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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1 QO. The apparatus of daim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

1 01 . The apparatus of daim 1 00. further comprising: 
means for curing the fluidic sealing material. 

102. The apparatus of daim 99. further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
the second tubular member and the wellbore. 

103. The apparatus of claim 102, further comprising: 
nroans for curing the fluidic sealing material. 

104. An apparatus for plastically defbnrung and radially expanding a tubular member, 
comprising: 

means for plastically defomfiing and radially expanding a first end of the tubular 
member; and 

means for plastically defonning and radially expanding a second end of the 
tubular member. 

105. The apparatus of daim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

1 06. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member induding a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluldldy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher, 
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a shoe coupled to another end of the annular expansion cone launcher having i 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member, 

5 wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of dalm 106. wherein the annular expansion cone is adapted to 
plastically deforni and radially expand a first end of the expandable tubular member 
and the ottier annuter expansion cone is adapted to plastically defomi and radially 

1 0 expand a second end of the expandable tubular member. 

108. The apparatus of daim 106. further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

109. A nriethod of plastically defonning and radially expanding a tubular member. 

comprising: 

plastically deforming and radially expanding a first end of the tubular member; 

and 

20 plastically deforming and radially expanding a second end of the tubular 

memtmr. 

1 1 0. The method of claim 1 09, further comprising: 
anchoring the tubular nr»mber during the radial expansion 

25 

1 1 1 . The method of daim 109. wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

1 12. The nrjethod of dalm 109. plastically deforming and radially expanding the 

30 second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

1 1 i3. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member Inside the first tubular member In an 

overtapping relationship; 
plastically defomiing and radially expanding the end of the second tubular 

member that overlaps with the first tubular member 
plastically deforming and radially expanding the remaining portion of the second 

tubular member. 

114. The method of daim 113, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

115. The method of daim 1 14. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

116. An apparatus for coupBng a first tubular nrtember to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 

tubular member that overiaps with the first tubular member 
means for plastically deforming and radially expanding the remaining portion of 

the second tubular member. 

117. The apparatus of claim 116, further comprising: 

means for plastically defonming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of daim 117, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 19. An apparatus for fomiing a wellbore casing within a weilbore, comprising: 

means for supporting a tubular member witNn the wellbore; 
means for plastically deforming and radially expanding a first end of the tubular 
member; and 
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means for plasUcally deforming and radially expanding a second end of the 
tubular member. 

120. The apparatus of claim 119. further comprising: 

means for anchoring the tubular nrjember during the radial expansion. 

121 . The apparatus of dalm 1 1 9. further comprising: 

means for ir^jecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

122. An apparatus forfomiing a wellbore casing within a wellbore. comprising: 

a tubular support member Including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surtece; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the exjsansion ctme; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 

vafveable fluid passage; and 
another annular expansion cone movably coi4>ted to the tubular support 

member; 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of daim 122. wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defomi and radially 
expand a second end of the exparKtable tubular member. 

124. The apparatus of daim 122. further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of fonning a wellbore casing within a wellbore. comprising: 
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plastically deforming and radially expanding a first end of the tubular member, 
and 

plastically deforming and radially expanding a second end of the tubular 
member. 

5 

1 26. The method of daim 1 25, further comprising: 
anchoring the tubular member during the radial expansion. 

1 27. The method of daim 125. wherein the first end of the tubular member is 
1 0 plastically deformed and radially expanded before the second end. 

126. The method of daim 125. plastically deforming and radially expanding the 
second end of the tubular member comprises injecting a fluidic matenal into the tubular 
member. 

15 

1 29. The method of claim 1 25. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 



20 130. A method of forming a wellbore casing within a wellbore, comprising: 

plastically defonming and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 
overiapping relationship; 
25 plastically defomntng and radially expanding the end of the second tubular 

member that overtaps with the first tubular member, 
plastically deforming and radially expanding the remaining portion of the second 
tubular member. 



30 131 . The method of daim 130. further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132. The method of daim 131, wherein the inside diameters erf the first and second 
tubular members are substantially equal after the radial expansions. 



133. The method of claim 130. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

1 34. The method of claim 1 30, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

135. An apparatus forforming a wellbore casing within a wellbore. comprising: 

means for plastically defomiing and radially expanding a first tubular member 

within the wellbore; 
means for positioning the second tubular member inside the first tubular 

member in an overlapping rdationship; 
means for plastfcally defomiing and radially expanding the end of the second 

tubular member that overlaps with the first tubular member, 
meians for plastically defonming and radially expanding the remaining portion of 

the second tubular member. 

1 36. The apparatus of claim 1 35, further comprising: 

means for plastically defonning and radially expanding at least a portion of the 
second tubular member. 

137. The apparatus of claim 136. wherein the inside diameters of the first and second 
tubular members are substantially equal after this radial expansions. 

1 38. The apparatus of daim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 
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1 39. The apparatus of claim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing nr^terial into an annulus 
between the second tubular member and the wellbore. 

140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overiapping relation to the opposing 

ends of the wellbore casings; 
means for plastically ddonming and radially expanding the tubular member, and 
means for plastically defomiing and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

1 41 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

supporting a tubular member in overlapping relation to the opposing ends of the 
wellbore casings; 

plastically defomiing and radially expanding the tubular member and 
plastically defbnming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

142. A method of fomning a stmcture having desired strength characteristics, 
comprising: 

providing a first tubular member; and 

plastically defomiing and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

143. A method of forming a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member untH the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to, comprising: 

plastically defonmlng and radially expanding a first portion of the first tubular 

member to a first outside diameten 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overiapping relation to the first portion of the first tubular memben 
plastically defomriing and radially expanding the second tubular member to a 

third outside dianneten and 
plastically defomiing and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

145. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore. the first tubular member 
having an original outside diameter OD© and an original wall thickness 

plastically defomiing and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outskie diameten 
posittoning the second tubular member inskle the frst tubular nr>ember in 

overiapping relation to the first portfon of the first tubular nnember. 
plastically defomning and radially expanding the second tubular member to a 

third outskie diameter, and 
plastically defomiing and radially expanding the second tubular member to a 

fourth outside diameter; 



83 



wherein the inside diameters of the first and second tubular memt>ers after the 
plastic defonmations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular 

member to the original wall thickness to of the first tubular member is 
5 greater than or equal to 1 6. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a 
1 0 second outside diameter; 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness tb of the first tubular member is 
greater than or equal to 16. 

An apparatus, comprising: 

a plastically defonned and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outskle diameter, and 
a plastically deformed and radially expanded second tubular member coupled 

to the first portion of the first tubular member, 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

25 148. The apparatus of claim 147. wherein the inside diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing formed in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
30 portion having a first outside diameter and a remaining portion having a 

second outside diameter; and 
a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member. 



15 147. 
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wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

.5 150. The casing of daim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 



An apparatus, comprising: 

a plastically defomned and radially expanded tubular member, 

wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or 

equal to 16. 
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